e The RB values were independent of OPC-14597 blood concentrations.

e These data suggested that distribution of OPC-14597 into blood cells in these animals
and humans was not high, and there was no accumulation of OPC-14597 in blood
cells.

Report-013353: The Blood-Plasma Partition Ratio of OPC-14597 in Cynomolgus
Monkeys '

Table 1. The Blood-Plasma Partition Ratio (Rg) of OPC-14597 in Fasting Monkey (n=3)
OPC-14597 C (ng/ml) 20 200 2000
RB of OPC-14597 0.8510.10 0.81+0.04 0.8540.05

Study 178/337039/006: Tissue Distribution of Total Radioactivity following Oral
Administration of [14C]-BMS-337039 to Male and Female Sprague-Dawley Rats

Table 1. Mean Tissue:Plasma Concentration Ratios After Administration of a Single Oral Dose of
['“C]-BMS-337039 (10 mg/kg) to Male Sprague-Dawley Rats

Matrix 05h 2h 4h 8h -24h 48 h
Adrenal glands 2.2540.84 12.7H4.5 18.0148 26.616.1 110171 275

Aorta 0.4310.13 1.3640.37 1.7810.08 0.9710.13 1.52 NA

Bladder (urinary) 0.7140.39  2.1110.31 2.78%1.34 1.42140.31 1.0110.10 NA

Blood 0.6240.03  0.6940.01 0.7110.02 0.6410.03  0.7410.11 NA

Cerebellum 0.16 0.4940.13 0.6410.13 0.51 NA NA

CSF NA

Cerebrum 0.12+£0.03  0.5240.15 0.6910.17 0.4240.09 0.731040 NA

Epididymis 0.18£0.04 1.0240.36 2.6010.54 2.3040.20 2.69+145 5.73
Eyes (both) 0.15 0.4840.14 0.5510.09 0.58 NA NA

Kidneys 5.62+1.94 8.0340.24 8.46+1.45 8.28+1.47 11.783.1 18.1
Liver 46.2+143 53.783.5 42.8%76 41.9184 4451178 88.0
Lungs 2591094 8.37#).91 9.81%1.85 5.1010.55 4.52#2.02 6.53
Medulla oblongata0.1340.02  0.6440.20 0.92+0.22 0.63%1.1 1.1610.53  2.31
Prostate 0.35£0.20 1.7540.93 4.7811.23 2.7241.09  5.37+142 148
Sublingual glands 0.4630.18 3.05£1.04 4.5510.57 3.9540.87 21.6%251 NA

Testes 0.11+0.03 0.80+0.37 2.27340.65 2.4740.20 4.40%1.87 14.0

Table 2. Mean Tissue:Plasma Concentration Ratios After Administration of a Single Oral Dose of
["C]-BMS-337039 (10 mg/kg) to Female Sprague-Dawley Rats

Matrix 05h 2h 4h 8h 24h 48 h
Adrenal glands 5424229 16314.6 24.7430 245821 16615 NA
Aorta 0.8310.28 1.7510.67 2.2410.35 1.7440.13 2.54 - ‘NA
Bladder (urinary) 0.7840.30  2.4940.78 5.09+2.83 2.5110.64 1.0110.10 NA
Blood 0.5740.05 0.6610.05 0.7010.04 0.614005 0.74%0.11 NA

Bone (femur) 0.4310.15 1424030 1.78%+0.34 1.3040.14  0.7410.11 NA
Bone marrow  1.0910.43 4.02+1.42 6.1410.43 3.56+035  0.7410.11 NA
Cerebellum 0.2710.11 0.5840.14 0911+0.24  0.38 NA NA
CSF NA
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Table 2. Mean Tissue:Plasma Concentration Ratios After Administration of a Single Oral Dose of

{C]-BMS-337039 (10 mg/kg) to Female Sprague-Dawley Rats

Matrix 0.5h 2h 4h 8 h 24h 48 h
Cerebrum 0.2610.13  0.6810.34 1.1330.42 0.56+0.07 0.733040 NA
Eyes (both) - 0.1910.03 0.5130.08 0.7610.07 0.69£0.07 NA NA
Fat (brown) 0.4410.12 1.8740.86 1.85140.38 0971029 NA NA
Fat (reproductive }0.4140.17  2.5610.96 5.70+2.07 3.72¢1.22 NA NA
Harderian glands 1.1540.39 9.6143.25 33.8194 58.6x134 NA NA
Heart 1.2140.55 2.4840.51 3.4240.57 1.76:0.07 NA NA
Kidneys -  4.9330.97 7.1911.04 8.0712.33 6.3740.66 11.743.1 18.1
Large intestine  1.4610.10 3.5530.93 19.4+18.1 -+ 205185 NA NA
Liver 373457  39.1410.7 27.0176 353189 44.5%17.8 88.0
Lungs 4.18+1.62 15.536.7 179%5.1 7.7£1.5 4521202 6.53
Lymph nodes  2.2240.83 6.9711.53 8.5940.52 5454052 NA NA
Medulla oblongata0.3140.18  1.0340.30 1.8310.45 0.9010.02 1.1610.53 231
Muscle (thigh) 0.3240.12  1.3240.38 2.56140.48 1.3110.11 5371142 1438
Ovaries 2.16310.77 7.86£2.25 11.510.9 9.80+1.38 NA NA
Pancreas 5574249 153439 215448 22.1x19 63.9184 NA
Pituitary 0.9840.16  5.64%1.47 7.6%l.5 8.141.7 320156 NA
Skin 0.4910.19  1.491041 2.581047 1.7540.11 3.9010.21 NA
Small intestine 108419 160+58 211116 64.6x16.5 37.4149 NA
Spleen 1.94£1.00  4.9241.61 6.9510.87 3.8330.34  6.6440.55 NA
Stomach 4901371 65.5436.6 23.7%124 430140.81 7.15£2.12 NA
Sublingual glands 0.66130.24 4.20+1.53 7.11%1.26 . 8.64+2.45 1991146 NA
Submaxillary glands 1.4720.99 7.94+2.28 19.545.2 43.51455 © 266162 NA
Thymus 0.62+0.26  3.21%1.01 6.30+1.11 3501023 6.644NA NA
Thyroid/parathyroid 0.9640.11 3.3910.96 5.6010.88 4301046 145ENA NA
Trachea 0.5410.08 1.5540.63 3.2710.91 2024289 7.734#.60 NA
Uterus 0.7510.28 2.8940.80 5.8240.78 42410.62 NA NA
- APPEARS THIS WAy
OR ORIGINAL
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Dissolution Method Development and Dissolution Data
Vol. 1.4: Validation of the Dissolution Method (pH 1.2) for Aripiprazole

Formulation Development History
Aripiprazole tablets in strengths of 0.5-, 1-, 5-, 10- and 15-mg have been used in clinical
investigations. All of the tablet compositions are essentially proportionally similar; i.e.,
the total tablet weight is the same, with the only changes being the amount of aripiprazole
and a corresponding adjustment in the amount of lactose monohydrate. All of the clinical
tablets are identical in appearance T . was chosen over the
o— method because the latter method showed slower dissolution rates
than the former method. The ° _ ~as used to produce all
tablets used in clinical studies and is proposed for manufacture of the tablets in this
application.

For NDA registration, 2-, 5-, 10-, 15-, 20-, and 30-mg tablets are proposed for marketing.
The 2-, 5-, 10- and 15-mg tablets are designed based on their corresponding clinical
formulations, with a minor change in shape and addition of colorants for aesthetic and
commercial purposes. The formulations of the 20- and 30-mg tablets were originally
developed to be basically proportionally similar to the 15-mg tablet. However, the

original 20- and 30-mg tablets exhibited less than complete and slower dissolution than -

other aripiprazole tablet strengths in pH 1.2 medium.

Figure 1. Dissolution profiles of ls-mg (square), original 20-mg (circle), and original 30-mg (triangle)
trade tablets at pH 1.2/60 rpm
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To improve the dissolution at pH 1.2, the 20- and 30-mg tablets have been re-designed to
be proportionally similar to the 10-mg tablets. As a result, the dissolution of the current
20- and 30-mg tablets at pH 1.2 is markedly improved.
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Figure 2. Dissolution profiles of 15-mg (square), current 20-mg (circle), and current 30-mg (triangle)
trade tablets at pH 1.2/60 rpm
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Table 1. Formulas of Aripiprazole 2, 5-, 10-, 15-, Original 20- and 30-mg Tablets (mg with %w/w)

Ingredient 2-mg 5-mg 10-mg 15-mg 20-mg 30-mg
Aripiprazole 20(.11) 50(5.26) 10.0(10.53) 15.0(15.79) 20.0(15.79) 30.0(15.79)
Lactose monohydrate oo T oo T T T T mrn e e
Starch (Com) (NF)

Microcrystalline cellulose

Hydroxypropyl cellulose 2 ———

Magnesium Stearate
Coloring agent

Total
Tablet color Green Blue Pink Yellow Red White
Shape Rectangular Rectangular Rectangular Round Round Round

Table 2. Formulas of Aripiprazole 10-mg, Current 20-mg and 30-mg Tablets

Ingredient Function 10-mg 20-mg 30-mg

Aripiprazole (NC) Active Ingredient 10.0 (10.53) 20.0 (10.54) 30.0 (10.53)
Lactose monohydrate (NF)  Diluent -

Starch (Com) (NF) Diluent

Microcrystalline cellulose (NF) Diluent

Hydroxypropyl cellulose (NF) Binder ' —
Magnesium Stearate (NF)  Lubricant

Coloring agent

Total weight (mg) .
Tablet color Pink, rectangular White, round Pink, round

Of these six tablet strengths, 5-, 10- and 15-mg tablets have been used in clinical trials in
the U.S. The 2-, 5-, 10- and the 15-mg tablets are essentially proportionally similar; i.e., -
the total tablet-weight is the same with the only change being the amount of drug with a
corresponding change in the amount of lactose and the presence of a different colorant in
the range of 0.02% to 0.21% w/w. The 10-, 20- and 30-mg tablets are proportionally
similar; i.e., all the ingredients are in the same proportion between the three strengths
except for the colorant, which is in the range of 0% to 0.02% w/w. The percentage of the
other ingredients (microcrystalline cellulose, corn starch, hydroxypropyl cellulose and
magnesium stearate) are identical across the entire range of the tablet strengths from 2-
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mg to 30-mg. The differences in composition, when comparing the 5-, 10- and 15-mg
trade and clinical tablet formulations, are considered minor.

Dissolution method and Specifications

Dissolution methods used were:

(1) Apparatus II (paddles) at 50 rpm, 900 ml of * —~———_

(2) Apparatus II (paddles) at 50 rpm, 900 ml of USP Buffer (pH 1,2)
(3) Apparatus II (paddles) at 50 rpm, 900 ml of USP Buffer (pH 6.8)

Because the low solubility of aripiprazole in pH >5, ———— . of the drug released in
the pH 6.8 dissolution medium. The solubility of aripiprazole reaches the highest at pH
4.0, therefore, was observed fog all tablet strengths. The sponsor
proposed this medium as NDA method. The supportive evidence is that when
aripiprazole tablets are stored under conditions of high temperature and high humidity,
aripiprazole anhydrous form is converted to the monohydrate form over time and
increased level of monohydrate showed a decrease in dissolution rate in this dissolution
medium. However, this medium is considered nondiscriminative by OCPB reviewer and
gastric pH is recommended for aripiprazole dissolution test. In gastric pH, the original
20- and 30-mg tablets showed slower dissolution, which is likely to be due to higher drug
concentration /
these tablets, facilitates rapid formation of an insoluble sticky layer/HCIl salt on the .
surface of disintegrating particles, that inhibits dissolution of drug. To enhance
dissolution of the original 20- and 30-mg tablets, a direct scale-up of 10-mg tablet

———— . —— drug concentration) was used and the dissolution of the current 20-
and 30-mg tablets at pH 1.2 is markedly unproved Due to limit solubility at pH 1.2
medium, the paddle speed, it is necessary to increase paddle speed from 50 rpm to — -
to reach — . drug release in 30 minutes.

Figure 1. Dissolution Profiles of 2-, 5-, 10-, 15-, 20- and 30-mg Trade Tablets at pH 1.2/60 rpm
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Figure 2. Dissolution Profiles of 2-, 5-, 10-, 15-, 20- and 30-mg Trade Tablets at pH 4.0/50 rpm

(Acsetate Buffer pH4.0/900mL, Apperstus 2) ’
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Assay Validation Report

A list of validated assay procedures used for analyzing plasma, urine and protein binding
samples for each clinical study is provided in the NDA. The ™~——— method was
used for determination of aripiprazole, OPC-14857, OPC-3373, DM-1451, and DCPP
plasma or urine concentrations following .

. The low limit of quantitation (LLOQ) for all compounds was ~—
All methods were fully validated in accordance with FDA Bioanalytical Validation
Guidelines and regulatory requirements. They are acceptable. '
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1.0 Introduction

The Applicant’s introduction and objectives provide an introduction to aripiprazole and the
current population analysis and will be reproduced below.

There was no pre-specified population analysis plan.
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1.0 Introduction, continued

The below is reproduced from Volume 1.84 p. 20 of the NDA.

1 INTRODUCTION

OPC-14597 (aripiprazole), a quinolinone derivative, is being developed as a novel
antipsychotic agent. It has a mode of action that differs from those of typical and atypical
antipsychotic drugs. Biochemically, OPC-14597 has been shown to be a partial agonist
at members of the D; family of dopamine (DA) receptors. In vitro, OPC-14597 exhibits
a D; partial egonist profile in the inhibition of prolactin release from primary cultured
antegior pituitary cells. In vivo, OPC-14597 has been shown to exhibit

antagonist
properties in animal models of dopaminergic hyperactivity (blockade of apomorphine-
induced stereotypy) and agoaist activity in an animal model of dopaminergic
hypoacuwty(blochdcofinuuseddopminesymhmmmpmumdm) OPC-
14597 blocks post-synaptic D; receptors st a dose comparable to that at which it acts as
an agonist at presynaptic DA sutoreceptars [1].
lnumdy[Z]tommﬁzphumwohneuuofaﬁpimnmlefonowmgm\dﬂpledm
four paraliel groups of normal volunteers received § mg, 10 mg, 15 mg and 20 mg qd for
14 days respectively. The results indicated that the plasma concentrations of aripiprazols
on Day 14 peaked between 3-5 hours (T With a mean (SD) peak plasma concentration
(Com) of 77 (19) ng/mL and 302 (173) ng/mL for the S mg and 20 mg doses,
respectively. Steady state appeared to be attgined by Day 14. The mean (SD) apperent
terminal half-life (T12) on Day 14 ranged from 48 (4) hours to 68 (3) hours across the
doses. Another study [3] conducted in normal subjects showed that a 30 mg dose of
OPC-14597 (10 mg/day for 2 days, 20 mg/day for 2 dsys, 30 mg/day for 10 days) had a
mean (SD) Cpex 0n Day 14 of approximatety 450 (132) ng/mL, occuzring at a medisn
Taxx Of 3 bours with a mean (SD) terminal elimination half-life of approximately 60 (24)
hours. The pharmacokinetics of OPC-14597 were lincar across a dose rangs of 2 mg to
30mg.

2 OBJECTIVES

This report describes a population analysis of the pharmacokinetic, pharmacodynamis,
and safety data collected in trials 31-93-202, 31-94-202, 31-97-201, 31-97-202, and 31-
97-203 in patients with achizophrenia [4-8].

2.1 PHARMACOKINETIC ANALYSIS

The objectives of the population pharmacokinetic (PK) modeling of aripiprazole were:

1. To describe the pharmacokinetics of aripiprazole in patients with schizophrenia,

2, To identify predictors of exposure to the drug (demographics, laboratory values,
concormitant medications, disease, etc.) and identify sub-populations with altered PK.

3. To estimate the inter-individual and residual variability of sripiprazole

. ﬁmm‘ ? .

22 PHARMACOKINETIC/PRBARMACODYNAMIC ANALYSIS

The objectives of the population pharmacokinetic/pharmacodynamic (PK/PD) modeling

of eripiprazole were:

1. To assess the relationship between pharmacodynamics (as measured by a decrease
from baseline in the total PANSS score) versus systemic exposure, duration of 5
treatment and oovariates.

2. To estimate the inter-individual variability of aripiprazole pharmacodynamica.



1.0 Introduction, continued
The below is reproduced from Volume 1.84 p. 21 of the NDA.

23 PHARMACOKINETIC/SAFETY ANALYSIS
mobpcuveaofthcpopuhnmphm-mcokmeudnfaymoddmxofanpqnmkmb
assess the relationship between patients’ aripiprazole plasma concentrations and
prolongation.

2.0 Reviewer’s Objectives

Consistent with the Applicant not having a pre-specified analysis plan, the analysié will be
considered exploratory.

The Reviewer’s primary objective is to determine if age, gender, race or smoking status alter
pharmcokinetics. These covariates are selected because statements regarding them appear in the
package insert.

The Reviewer’s secondary objective is to determine if aripirazole alters QT-interval and, if it
does, if the alteration is a’function of aripiprazole dose. This objective is included because of the
importance, from a safety persepective, of QT-interval changes.

The determination of the relationship of aripiprazole dose or concentration to effectiveness
(PANSS score) is an objective. However, the Reviewer is aware of no current regulatory

decisions that will result from the determination of the relationship of aripiprazole concentration
to PANSS score.

3.0 Applicant’s Analysis
3.1 Design of Studies and Data Collection

Data is for one moiety: aripiprazole.
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ST-1  Studies included in the population analysis

Sty Number DeslgnDuration of Desing N‘“”"ﬁ:}:‘:‘“’x PANSS snd EOG assessments
3197201 Maultioenter 4-week study, 414 bospitalized pstients in scuts 2 samples per patient were PANSS: At screoning, baseline, and
A phase Il double- | relapes with diagnosis of schizophrenis or schizoeffoctive acheduled, at Day 14 snd st the end of each wook (Day 7 £ 1,
blind placebo-~ disodex, with a history of responding to nowroleptics. Aflera 5- | Duy 28 (or at termination if | Day 1422, Day 21 £2, Day 282
.controlled stody of | dey placebo washout patients were randomized to one of four carly). in addition, semples | days) or at termination if carly,
sripiprazole In the oral trestment aymns sdministered once daily after breakfhat: S ar | had to be drawn npon BEOG: At Day 14 and Day 28 (or a2
treatment of 30 mg aripiprazole, 10 mg haloperidal, or placebo. Doses were returning to the clinic after tornimation if surty).
peychosis fixed and could not be modified during the stady. buing out on pass.

3197202 Multicenter 4-woek study, 404 hospitalized patients in acute 2 sanples per patient were PANSS: At screening, bassline, and
A phase ITl dooble- | relapse with dirgnosis of schizophreaia or schizoaflective scheduled, at dsy 14 end day | st the end of each week (Dey 72 1,
blind plsoebo- disoder, with s history of responding to ncwroloptics. Afiera 5- | 28 (or at termination if osrdy). | Day 14 £2, Day21 £2, Day 28 £2
oontrofled study of | dey placebo washout patients were randomized o cne of for In addition, samples bad to | days) or at termisation If early.
aripiprazole in the oral treatment arms: 20 or 30 mg 6 mg/day be drawn upon retuming to | BCG: At Day 14 and Day 28 (or st
troatment of risperidons (titrated upward on 1* 3 days), or placebo. Doses the clinlo after being out on | sermination if earty).
peychosis, with were fixed and could uot be modified during the study. pass,
risperidons s sctive | Aripiprazole was administered once daily after breakfist with
control placcbo after the evoning mesl, risperidone was administered

twice daily, aftes broskfist and aficr meal i the cvening.
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Study Number ' DesigvDurstion of Dostng Hommber S g o FK | pANSS 1nd BOG assossments
31.97-203 Multicenter long-tarm study in predominantly outpatient setting, | 2 samples per patient were | PANSS scores and ECGs were not
An open-label 350 petionts who participated in Study 31-97-201 or 31-97-202. | scheduled during in-hospital | atilized In the analysis
followr-on stody of Patients started s inpatients, and were discharged fiom the period: on Day 1 and Day 3 )
the long-term saftly | hospital to continmo se upon achisving stabilization of | (or st discharge if earlier).
of aripiprazols in pychah.hﬂmmmm“ Oncoa One sample was scheduled st
patients with patient was suitably stabilized st the 30 mg dose, o inventigator | Week 1 follow-up visht. In
psychoshs might adjust the dose within the range of 5-30 mg per day. addition, samples had 10 be

drawn upon returning to the

clinic after being out on pass.
31-94-202 Multicenter 4«week study, 250 hospitalized chronio Peak blood sample was PANSS: At scroening, beseling, and
A daso ranging schizopluenic patients in acute relapse, with 8 history of scheduled every woek. Thres | at the end of each study week £2
of the efficacy end responding to nearoleptics. After s 3 to 7 day placebo washout, | edditional santples were days.
tolerability of OPC- | paticnts were randomized to one of three omal doses of schodiled ou Day 21 ECG: ECGs wore not wtilized in the

14597 fn acutely aripiprazole: 2 mg, 10 mg, and 30 mg por day, onc doss of amlysis

velapsing hospitalizad | haloperidol st 10 mg/day (S mg on days 1 snd 2), or placebo,
Doses were fixed and could not be modified dwing the study
petiants {except the first day, when balf of the assigned dose was
. sdministerod). Aripiprazols was sdministored once daily after
breakfiaat, A

31.93-202 Multiceater 4-woek stody, 69 hospitalized chronic schizophrenic | Oue samplo was scheduled | PANSS: At acreening, bassline, and
Efficacy snd peticnts in acute relepse, with no history of not responding to - | every week. Two additions] | =t the end of cach study week £2
tolerability of paxoloptics. After a 3 to 7 duy placebo washout, patients were samples weee achoduledon | days,
ascending doses of | randomized to one of three oral trestment arms: eripiprazole, D=y2l, ECG: BCGs weve not utithzed ia the
OPC-14597 haloperidol, or placcbo. Doscs of aripipraznis and baloperidol alysh

to placcho | were gradmlly increasod during the first two weeks, from Smg o

snd to haloperidolin | 30 mg for aripipraxole, end from 5 mg to 20 mg for haloperidol,
acutely relapaing Then thoy were kept constant through the remainder of the stedy.
hoepltaliesd Dosos were administared once dsfly afier breakfist,
schizophyenic
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3.2 Analytical Methods o

Selected summaries of the performance of the analytical methods for each of the 5 studies that
contributed samples to the population PK dataset are included as Appendix 1. to this review.

3.3 Data Collected and Data Editing

Appendix 2. of this review gives a detailed deécription of the Applicant’s data‘collection and
preparation for the analysis. .

3.4 Model Selection
3.4.1 Pharmacokinetics

Appendix 3. gives a detailed description of the Applicant’s pharmacokinetics model selection
strategy.

The final model occurs on Volume 1.84 p. 46 of the NDA and the final parameter estimates appear on
Volume 1.84 p. 79 of the NDA. These results yield the final model:

Cl (L/h) = 3.81 * [1 + 0.498*(LBW — 65)/65)]

. - -
VL= 293#¢l0-309*(AGE — 39)39 + 0.754(WTB ~ 81)/81]

Ka (b)) =1.06

3.4.2 Pharmacodynamics: QT-interval
Appendix 4. gives a detailed description of the Applicant’s QT-interval model selection strategy.

There are 18 final models (2 datsets * 3 correction factors * 3 time windows = 18 models). These 18
models occur on Volume 1.84 pp.95 -97 of the NDA are reproduced in Appendix 4. '
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3.4.3 Pharmacodynamics: PANSS
Appendix 5. gives a detailed description of the PANSS model selection strategy.
The final model occurs on Volume 1.84 p. 46 of the NDA and the final parameter estimates appear on

Volume 1.84 p. 79 of the NDA. These results yield two similar models, one for aripiprazole
monotherapy and one for aripiprazole with co-administration of lorazepam:

Applicant's Final PK/PD models: PANSS Score = PANSSpaseine + EFFpac + EFFpruG

monotherapy concomittant lorazepam
EFFpac” |[-2.66 + (PANSShaseiine - 93)*(-0.0878)]*DUR™" " | [-2.66 + (PANSSpaseiine - 93)*(-0.0878) + 1.82]"DUR"""
EFFpruG -1.65°'DUR"™ ? -1.65°DUR>®

" DUR = duration of teatment (Days)

Table ST-36 on Volume 1.84 p. 46 of the NDA uses the model to derive the median decrease in
PANSS for patients with a median baseline PANSS (PANSSpaseline = 93) treated for 30 days. The
median is 18.2 points in the absence of lorazepam and 14.5 points with co-administration of
lorazepam.

APPEARS THIS WAY
ON ORIGINAL
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3.5 Applicant’s Conclusions

The below is reproduced from Volume 1.84 p. 56 of the NDA.

8 CONCLUSIONS

o The pharmacokinetics of aripiprazole were described by a linear one-
compartment model with first-order absorption.

e Although clearamcs was related 1o lean body weight, and volume of distribution
was related to weight and age, thess dependencies are untikely to be clinically
important. :

. mmamwwdmmmmmwmm
oormal volunteers,

¢ The results of the analysis indicated that no dose adjustments are needed based on
demographic variables,

¢ Although the analysis indicated no dosage adjustment for any of the medications
co-administered with aripiprazole, the number of patients on the concomitant
me&wmmbemmmme.wwomnbbem

e The change from beseline of the total PANSS scare in patients taking eripiprazole
was described as the sum of change dus to placebo and change doe to the
aripiprazole. Both effects (decrease from baseline) increased with duration of

N Theplaceboeﬁ'ectmmedwnhinmingbasdmemmdmhwh

_ pahmtswhoidmms!mdlmmpmmmmﬂy

. mwnleﬁ'eaatthednng(pheebomdaﬁpimheﬁact)wassipiﬂcmly
higher in patients with higher baseline score, and lower in paticnts with
concomitant lorazepam administration.

e The modeling indicated thaet neither exposure nor dose was found to correlate well
with the efficacy of aripiprazole.

" o No relationships could be determined between the change from baseline of
aQ‘.’:’EB Q’I‘C‘.‘."otQ‘rCnand&eoonupondmgplmaconcm'anomof

e There was no prolongation of QT in patients on aripiprezole, regardiess of the
algarithm used to calculate QT

e The variability in changes from basetine of QT¢ in aripiprazole patients was
comparable to that in placebo patients.

11



4.0 Reviewer’s Analysis
4.1 Analytical Methods

All of the % CVs for the standard and quality control samples that were accepted are below 20% and
nearly all are below 15% (Appendix 1. shows some of these data). For the purposes of these
exploratory analyses, the analytical methods are acceptable.

4.2 Data Editing and Checking
As a check for potential erroneous data, graphs and a table were produced from the data files and

inspected. No potentially erroneous data were detected. The graphs were produced in Microsoft®
Excel 97 SR-2 (h) and are reproduced in Appendix 6.

APPEARS THIS WAY
ON ORIGINAL
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4.3 Models Selection
4.3.1 Pharmacokinetics

The Applicant’s final model was reproduced by the Reviewer -- within rounding, the Reviewer’s
results were identical to the Applicant’s. Using the Applicant’s final model, the Reviewer then
investigated the impact of each of the covariates identified in section 2.0 Reviewer’s
Objectives. The full output from these NONMEM runs is included as 7. of this review. Table 1.
below shows that two covariates improved the model signficantly significantly ( > 3.84 point
decreae in objective function, p < 0.05): smoking status and gender. The changes in clearance
due to smoking and gender were both small (22% and 11%. respectively) and a standard error for
either of the small estimated effects could not be obtained.

The demographic variable RACE was assigned 5 values: Caucasian, Black, Hispanic, Asian and
Other. There were not significant differences between the known races, but the RACE=5 (other)
category showed a 48% increase in clearance relative to RACE#S. A decrease in objective
function of 5.6 also occurred. However, visual examination of a plot of ETAq versus RACE
showed no clear difference between RACE=5 and RACE#S5. Based on “other” not being a
legitimate category, the small change in objective function, and the lack of trend in the ETAc
versus RACE plot, it appears that there is little or no change in clearance as a function of race.

TABLE 1. FDA POPULATION PK MODELING RESULTS

description/output file OBJF .
Applicant's Final Model est | 22063.891
FDA — Applicant's Final Model/ est | 22063.892
: __262.out
FDA -- age on CL/ est | 22062.434
262ageoncl.out
CL (L/h) for CL (Uh) for CL for RACE=5/
RACE= § RACE =5 C! for RACExS
FDA - race on ClU/ est | 22053.259 3.79 5.64 1.48
262raceonci3v4.out
SE est not obtainable | not obtainable
CL (L/h) for CL (L/h) for CL for smokers/
non-smokers smokers CL for non-smokers
FDA -- smoke on CL/ est | 22037.781 3.45 4.22 1.22
262smokoncl.out
SE est not obtainable | not obtainable
CL (L/h) for CL (L/h) for CL for females
males females /CL for males
FDA - sex on CLY est | 22059.301 3.84 34 0.89
262sexoncl.out
SE est not obtainable | not obtainable

13




4.3.2 Pharmacodynamics — QT-interval

A non-linear mixed effects model was used to correct the QT-interval data for changes in heart
rate (RR-interval). The full output from these NONMEM runs is included as Appendix 8. of this
review. :

The change in corrected QT-interval (QTc) as a function of aripiprazole dose is plotted below.
The results-of the linear regression of QTc on dose (least squares fit in graph) are included in
Appendix 8. The Reviewer concludes that, within the dose range studied, there is no easily
discernable relationship between aripiprazole dose and QTc-interval.

QTc vs Dose = QTc vs dose

— least squares fit;
r2=0.00027

10 20 30
Dose (mg)

375 -
g 355
335 -
315

4.3.3 Pharmacodynamics — PANSS

The Applicant’s final model was reproduced by the Reviewer -- within rounding, the Reviewer’s
results were identical to the Applicant’s.

The Reviewer used the Applicant’s final model to calculate the placebo effect for a patient with a
median PANS Spasetine (PANSS = 93) treated for 30 days with or without lorazepam. The median
decrease is 18.2 points in the absence of lorazepam and 14.5 points with co-administration of
lorazepam. These reductions include the placebo effect: a 9.4 point reduction for monotherapy
and a 3.0 point reduction with concomittant lorazepam treatment.

14



4.4 Reviewer’s Conclusions

Consistent with the Applicant not having a pre-specified analysis plan, these analyses should be
considered exploratory.

The Applicant’s population pharmacokinetic model is reasonable. However, there appears to be a
statistically significant, but fairly small (22%) increase in clearance for smokers relative to non-
smokers which the Applicant does not include in their model. There also appears to be a
statistically significant, but even smaller (11%) decrease in clearance for females relative to
males which the Applicant does not include in their model. The magnitude of these changes
(small) and an inability to estimate the precision of the changes (covariance matrices were not
obtainable), caution against attempting to adjust dose due to these results.

The Applicant treated QT-interval data with the common correction factors (Bazett’s = 0.5,
Fredericia’s = 0.33 and HFD-150’s = 0.37). Regardless of the correction employed, no change in
QT as a function of dose or concentration could be detected. Rather than use the common
correction factors, the FDA Reviewer used a population modeling approach to arrive at
individual corrected QT values. Similar to the Applicant, no change in corrected QT as a

function of dose or concentration was detected.

The Applicant’s population pharmacodynamic (PANSS) model is reasonable. Neither dose nor .
any other measure of exposure described the ability of aripiprazole to decrease PANSS score.
Rather, PANSS score was a function of baseline PANSS, duration of treatment and concomitant -
lorazepam administration.

PPEARS THIS WAY
"FON ORIGINAL
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5.0 Comments and Recommendations
5.1 Comments and Recommendations to the Medical Officer

Consistent with the Applicant not having a pre-specified analysis plan, these analyses should be
considered exploratory. :

All of the comments below should be interpreted within the context of the doses and duration of
treatment used in the 5 studies that contributed to the analysis. The dose range was from 2 to 30

mg per day (15 =30 mg QD for the QTc analysis) and the length of the studies was 4 weeks. The
ability to extend the results to doses and treatment lengths outside the studied ranges is unknown.

Consistent with the Applicant’s results, there was no clear relationship between age, gender, or
race and pharmacokinetics. In contrast to the Applicant’s results, the Reviewer’s analysis shows
a small increase in clearance (22%) may occur in smokers and females may have a slightly lower
clearance (11% decrease) than males. These conclusions of differences due to smoking and
gender are not firm and, if present, appear slight. The Reviewer does not recommend any change
in labeling or any additional studies of these issues.

In agreement with the Applicant, QTc did not appear to be a function of aripiprazole dose.

The Reviewer found the Applicant’s PANSS model reasonable. Administration of aripiprazole -
appeared to decrease PANSS scores. However, there was no evidence of a relationship between -
aripiprazole dose or concentration and decrease in PANSS. The drug-induced decrease in
PANSS was increased (a greater decrease occurred) as duration of treatment increased. The
decrease was hampered (a lesser decrease occurred) by concomitant lorazepam administration.
The Applicant used the model to derive the median decrease in PANSS for a patient with a
median baseline PANSS (PANSSqaseline = 93) treated for 30 days. The median decrease is 18.2
points in the absence of lorazepam and 14.5 points with co-administration of lorazepam. These
reductions include the effects of placebo and lorazepam: a 9.4 point reduction for placebo in the
absence of lorazepam and a 3.0 point reduction for placebo in the presence of lorazepam.

- APPEARS THIS WAY
ON ORIGINAL
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Appendix 1. Applicant’s Analytical Methods

The below is reproduced from Volume 1 of the submission of 17-Jan-02, p. 85.

OPC-147
Sendy 3153202

Tzhle1-1. OPC-14597 im Plasms Assay Validstion Performance of Standard
Curyn[M(nfnL)] Quality Cantrol Standards

Bstwesn Batches 5.90° 1500 150.00° 560.00°
¢¥-6) (eg/ml) (ag/mL) (ng/mL) (ng/mL)
Batch I: )
Memns 42 1350 189 2604
8D, 054 0% 254 5
wev. 119 56 13 1.5
SR ocovery 904 90.0 7] 9.
Bawch 2:
BMeans 451 137 1N S44.50
sD. 02 os2 100 121
%C.V. 103 43 49 33
XRecovery 902 919 964 2
Batch 3.
43 1350 16946 s1s.2
8D, 0.0 X 536 1550
%CV. 103 53 33 31
B.ocovery 970 I ] 2.0
Batch 4;
Msm $00 1% 10.15 529.16
SD. 040 1.60 196 .17
*CVv. 80 109 33 9
SRscovery 1000 930 0 MS
Basck 8;
Mexa 47 1395 18852 53309
8D, 031 052 950 2627
%ev. 108 az 39 49
*Recovery 98 3 93 9.1
Rasch 6:
Memy 4 1369 16558 mn
sDh. .Y <] o 513 L &, 4
%C.V. 92 23 k8| 17
%Rscovery 7138 913 720 ™.l
A_-_-lm (N=36)
Mesn 4% 1393 16941 530.06
8D 047 ass 6.96 0.7
NCV. 100 63 40 - 39
¥Xecovery 40 928 941 ™7
theoretical concaseration.

(Re€ p 12-13 of the KCAS report No. VO7I8P1)




Appendix 1. Applicant’s Analytical Methods, continued

The below is reproduced from Volume 1 of the submission of 17-Jan-02, pp. 86-87.

orc14mn
Study 31-93-202
Table1-2.  Precision, Accuracy and Sensitivity of aripiprazole (OPC-14597)
assay in Hunsn Plasma ®
Distisa Factor Frecoe/Thaw Cycls

Statistical ™ o 10
Variable $0ag/ml, | S00ug/ml | 500 ng/ml. | 20ap/ml 360 ag/ml.,
Mam 20154 23 =241 17.28-1941 } 313.11-343.93
8D, 1N 436 767 0 -156 | 545-3136
%CV. 3% 4.50 740 390-3.00 1501190
% Recovery 1003 «e 773 854 -97.1 £§7.00-56.90

. ing OPC-14558 25 intermal standard.
. (500 ul+500 D™ (200 ul+800 )= (100 i+ 900 uf)
(Rat p 14-15 of KCAS report No. VO718P1)

OPCL4m?
Sendy 31-93-202

of 921 for aripiprazole and the pevcent secovery ranging from 86.7 to 119.0 (etafled
mﬁmnmmmKCASdoMNn.lWlﬁPl).

Table 2.2-1. Precision, sccuracy and senaitivity of arlpiprazole assay io Human

Plaszsa ¥
Statistical Variable
Quality Asserance
Standards (sg/ml) N |[Men| SD. | %CV, % Recovery
1227 12 1065 | 035 i3 $%53
1440 30 1713 | 239 40 11990
16.00 9 1643 | 297 181 17
240.00 1 40 [23434| 1223 13.6 100.65
24540- 11 |2128%6| 683 32 86.7
506.10 11 |465.18) 1258 | 27 91.90
560.00 40 | 57017 4438 103 110.05
%:  usmg OPC-14558 as mtcmal standard

bt thearctical concestration,
Ref: p 59-62 of the KCAS repart No. 0786P1)



Appendix 1. Applicant’s Analytical Methods, continued

The below is reproduced from Volume 2 of the submission of 17-Jan-02, pp. 106-107.

Arpiprazole (OPC-14597) . I
Study 31-94-202:. Bmana!ybu!Snnmuy

mmmmmnsmm’sm&%‘wmmasm
10.0%. mmmummbmwmml Page 12)
mdanmg-bﬂnbmmandmmmﬂfﬂml,m.ﬁ)-

PEYRY

Table 1-2. 0PC-14597 mPlasma: : Quality Control Sample
Performence During the Mcthod:.Vaann

"Within Batches

5.00 mg/ml, xs.oowmr.. moowu. 560.00 ng/mL |
(N=6)

TMean 451-500 .| 1350-14.70. | 165.65-173.50 | 51532-544.50
Std. Dev. 0.40-054 |- 032°1.60° | 254990 539-31.17°
%CV, - 80-119. 23-109 | -:1559 1.0-59
Accuracy 90.2-1000, | 90.6-98.0 | = 92.0-964 92.0-97.2
Among Batches
(N=36)

Mean . 470 .-p: 11392 16941 530.06
Std. Dev. 047 '] 088"..°| : 686 20.73
% C.V. 100 63 4D 39

Accuracy . 940 b . 2280l 94 94.7

Aripiprazole (OPC-14597) ]

Study 31-94-202: Bioanalytical Summary . e
Table 1-3.. Amcy and Scns:nvny 9{0}.’0-14597 in Humanl’lam .

Statistical Dilution Factor Freeze/Thaw Cyde

Variable __ .. . .. | (Third Cycle Results)

2(s) 5(b) 10(c) . |20ng/mL | 360 ng/mL
800 ng/mL | 800 mg/mL" | 800 ng/ml| -

Mesn 801.84 75928 78241 17.28-1941 | 313.11-34898

Std. Dev. | 3139 34.36 5767 | 0.74156 | 5.45-31.76

%CV. |39 43 74 3.9-8.0 16-11.8

Accuracy | 1002 94.9 97.8 864971 | 87.0969

*:  OPC-14558 as imtemnal standard, .o
& (500 hL+500 kL)b:(200 kL +800'hL) cx (100 kL +900 uL)
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Appendix 1. Applicant’s Analytical Methods, continued

The below is reproduced from Volume 2 of the submission of 17-Jan-02, p 110.

Anpxpmmle (OPC-14597) e .

Study 31-94-202: BmalytmlSumnny L 8

Ihumofqmlityoonml(QC)mplamgtpsedinammbhﬁedb
thcmlyumlmﬁ.mdam!ynddmwnhmechﬁalmplammeeompﬂnmof
pages 168-171). BasedonﬁeQleemmlu,ﬂzmywufamdwhawadqm
Mm@mmeﬁqm&dmﬁmbﬂwuﬂgﬂ?,&%)mdmh
OPC-14597 (% recovery ranging between 1035%md164.0 %)-

TM&ZWWMS&&WM&OPC—MSW!:;
: . HmﬁnthDmngSmphAmlyn
LabQCCode®.] 2. [ .. .1. T

[OPC-14597 .. L13.5().' 180.00 s40.oo
ennecnfnﬁmi {ng/mL | ng/mL | pg/mL

Mean . 14.Q4 18636 |561.22
[ St Dev. - 41322 ]-1199--: T 32,60

[%CV. -~ -iv 94, 1-'5,4;: <758
% Actutacy - - 11049 11035 - :103.9
N = R2F 719~ 119

APPEARS THIS WAY
- ON ORIGINAL
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‘ Appendix 2. Applicant’s Data Collected and Data Editing

The below is reproduced from Volume 1.84 p- 23 of the NDA.

3.14 Data Prepanation
In total, 4226 plasma samples for 1135 patients on aripiprazole were obtained from
studies:
Study 31.97-201: 204 petients and 631 concentrations;
Study 31-97-202: 202 paticats and 664 concentrations;
" Study 31-97-203: 515 patients and 1501 concentrations;
Study 31-94-202: 180 patients and 1255 concentraticns.
Stody 31-93-202: 34 patients and 175 concentrations.

The criginal SAS [9] data sets with plasma concentrations, sampling times, dosing
(smounts, dates and times), demographic, vital signs, clinical labaratory and concomitant
medications information for each study were merged together by study, patient identifier,
date and time, The structure and content of the data sets were different for each study.
Therefore, merging was study-specific and was done seperately for each study (see
Appendix II).

The following assumptions were used in the creation of the data set for the analysis:

1.

2.

For open label Study 31.97-203 only piasma samples drawn during the first 7 days
(in-patient portion) of the stndy were used in the pharmacokinetic analysis,

Plasma samples drawn earlier than the first dose or later than 3 days after the last dose
were excluded from the analysis. The studies were not designed to obtain samples
later than the last dose, and samples that appeared to be drawn later (most of them
much later) were assumed to be etronecus.

Patients were considered non-compliant if they had BQL concentrations, other than

for blood sample taken prior to the first dose. All samples of non-compliant patients
taken later than the first BQL value were excluded from the analysia (except for post
dose BQL value on the first day: the value was excluded, but the later concentrations

were kept in the data).

Ouly times of ths first § doses (Days 1-5) were available in Studies 31-97-201, 31-97-
202, and 31-97-203. In Studies 31-87-201 and 31-97-202, the first post-dose sample
was drawn at Day 14, Therefore, median dosing time for 8 patient (over first 5§ doses)
was used as dosing time in the studies. If all dosing times were missing for a patient,
then the median in the population of the study (over all median times) was used.

In Studies 31-94-202 and 31-93-202 time of each dose that immediately preceded a
sample was recaorded. An unknown doging time was imputed by propagation
employed,

In Study 31-93-202, the date of the dose that preceded the sample was not recarded.
This date was assumed to coincide with the date of the comresponding blood draw,

.'



Appendix 2. Applicant’s Data Collected and Data Editing, continued
The below is reproduced from Volume 1.84 p- 24 of the NDA.

except for the first sample on Day 21, where it was assumed that the dose date was
one day earlier than the sample date,

7. Doses were assumed to be administered once-a-day. In the studies 31-97-201 and 31-
97-202 the information was recorded about the mumber of missed tablets on cach day
a tablet was missed. In these studies patients were administered two aripiprazole
tablets of equal strength, except for patients on 15 mg aripiprazole of Study 31-97-
201. For them, one of the administered tablets was aripiprazole, the other tablet was
placebo. Therefore, for all eripiprazole paticats in these studics except for the group
mentioned above, it was essumed that if two tablets were missed, the dose on that day
'was missed; if only one tablet was missed the dose was set to half the assigned dose,
In the 15 mg aripiprazole group of Study 31-97-201, it was unknown whether cne
misscd tablet was a placebo or aripiprazole, 80 the dose was not essumed to have been
missed. ‘

8. A patient was assumed to be & Drinker (and assigned ALCO=1) if he/she was codad
as either Drinker ar Ex-drinker in the original demographic data. In additiaon, if sny
laboratary test for blood alcohal was positive for a patient, that patient was coded as a
drinker (ALCO=1) regardless of his/her alcohol record in the demographic data set.

9. Missing values for alcobol consumption, smoking and creatine kinase were not
imputed (All three were not recorded in 31-93-202, alcohol consumption and
smoking were not recorded in 31-94-202). They were assigned a separate valve of-

“_1 -n

10. A separate valus of “~1" was assigned to baseline total PANSS scores of patients in
Study 31-97-203, since that data was not available.

ll.Paﬁequ«eusumedwbemn-mﬁkmifﬁwymmkedorqﬁtmldngmt
less than six months before the study.

12. For patients with missing values of height, median height over aripiprazole and
placebo patients of same gender in the respective study was used.

13. Weight at bascline was used as weight covariate. If it was missing for a patient, then
weight at screening was used. If also missing, median of baseline weights over all
subjects of the same gender in the study was used.

14. Baselins laboratory values were used as covariates, For a few missing baseline
values, a baseline value was imputed by the median of all measurements for a subject.
If missing, the value wes imputed by the population median of beseline values over
all patients of same gender in the study.

15. In addition to Cockrofi-Gault [10] equation, creatinine clearance was estimsted
according o Salazar-Corcoren equation [11] as follows:



Appendix 2. Applicant’s Data Collected and Data Editing, continued

The below is reproduced from Volume 1.84 p. 25 of the NDA.

For males:

CSAL = (137-AGE)*(0285*WT + 12.1 ‘(H'PHMOOOO))/SIICRBA
For females: ,
CSAL = (146-AGE)*(0.287*WT + 9.74*(HT*HT/10000)Y60/CREA

Here AGE is age (years), WT is weight (kg), HT is height (cm), and CREA is plasma
creatinine (mg/dL).

nﬂsisamomwcmtcequaﬁmﬂmthoCochoﬂﬂkuheqmﬁonforesﬁmnﬁng
creatinine clearance in obese patients, and it is equally precise for normal healthy
subjects [12].

16. Plasma samples were assumed to be affected by concomitant medications if they were
drawn after start, but not later than 7 days after stop of the respective medication. For
illegal drugs and benzodiazepines detected in blood, plasma samples were assumed to
be affected from the date of a positive blood test until 7 days after the test.

17. If a patient had a positive result on illegal drug screen (plasma or urine),
benzodiazepines or alcohol tests (clinical laboratory data) axrytitoe after screening in
studies 31-97-201 and 31-97-202, ar in the window of less than 7 days before start
and 7 days afier start in study 31-97-203, be/she was assigned to the respective
covariate group (concomitant medications or drinker status, respectively).

In addition, a number of data manipulations were performed to clean the data end to
conform to the NMTRAN/ NONMEM [13] format. All the data manipulations for the
creation of the data set are detailed in table ST-2. Table ST-3 accoumts for the records
excluded from the file for the analysis. .Additional details about excluded records can be
found in table ST-4 and in Appendix II.

The created pharmacokinetic data file (pk.csv) for NONMEM analysis contained 2563
plasma samples from 694 pationts as follows:

Study 31-97-201: 391 concentrations from 171 patients;
Study 31-97-202: 415 concentrations from 175 patients;
Study 31.97-203: 469 concentrations from 148 patients;
Study 31-94-202: 1137 concentrations from 170 patients;
Study 31-93-202: 151 .concentrations from 30 patients.

During the preliminary exploration of the data file 3 erroneous observations were
detected (see details in table ST-5). They were excluded, and the new file pk_mod1.csv
was used for modeling.

Two more data sets with minor changes were also used (soc detzils in table ST-5):

1. During refinement of the covariate model a data set pk_modl_subwt.csv was
temporarily used. This data set was created from pk_mod1.cav by excluding
(commenting out) observations of three patients with the highest weights,

.l



Appendix 2. Applicant’s Data Collected and Data Editing, continued

The below is reproduced from Volume 1.84 p. 26 of the NDA.

2. There was an error in merging concentrations and concentration times on Day 21 of
Study 31-93-202. The error affected times of two concentration points of ans
aripiprazole patient. The corrected data set, pk_mod1_corl.csv was used to re-run the
final model.

3,15 Patient demographics and data suamaries

The summaries of demographic characteristics for patients present in the data set for
pharmacokinetic analysis are presented in tables ST-7 and ST-8. Figures SF-1, SF-2, und
SF-3 show the scatter plots of available concentrations: concentration versus duration of
dosing (SF-1 and SF-2) and versus time after last dose before the sample (SE-3) by study
and dose group.

Table ST-9 presents a summary of concomitant medications in the pharmacokinetic data
set. It shows number of patients that had at least one concentration affected by the
emmmmmmmmlusmupmummmb(lﬂ.
haloperidol (12), and clonazepam (14), and there were no patients with concomitant
magnesimm hydroxide.

32 DATAFOR PK/PD ANALYSIS

The data from four double-blind studies used for pharmacokinetic analysis were also used
mmePK/PDumlym&heddmomopaﬁamaonmpxprmle,thedamﬁomﬂwplmbo
patients were also used in the analysis. Beside dosing, sampling, and covariate
mfmmahonusedinthephmmaoohnetcanﬂyw,thndmforPKlPDmlmm
included the efficacy variable (total PANSS score). Table ST-1 lists the schadule of the
efficacy evaluations for each of the studies.

All the covariates evaluated in pharmacokinetic analysis were also incloded in PK/PD
analysis,

32.1 Data preparsation

In total, original data sets from Studies 31-97-201, 31-97-202, 31.94-202, and 31-93-202
contamnd3812measmmmoftota!PANSSmﬁmphnebomdmmle
patiests (table ST-3). These recards were added to the sampling and dosing infonmation
for each patient. -

The following assumptions were used in the crestion of the data set for the analysis:
1. If time of the PANSS measurement was missing in Studies 31-97-201 and 31-97-202,
® it was imputed with a median tims of measurements for a patient. If all times were
missing for a patient, then the median in the population of the study (over all median

times) was used.
2. In Studies 31-94-202 and 31-93-202, the time of the PANSS score measurement was
not recorded. Jt was assumed to be 09:00 for all the thess studies.
3. Concomitant medications available in the pharmacokinetic ysis were also studied

forthmpom‘blcdxminﬂuenceonphmmacodymmrespm(wﬂmugh
mﬂmmmpxmmkmcpom)&mthcpbmmhmﬁcmlymmmss



Appendix 2. Appficant’s Data Collected and Data Editing, continued

The below is reproduced from Volume 1.84 p. 27 of the NDA.

. scores were assumed to be affected by cancomitant medications if they were assegsed

after start, but not later than 7 days after stop of the respective medication. For illegal
drugs and benzodiazepines detected in blood, PANSS scores were assumed to be
affected from the date of a positive blood test till 7 days afier the test.

Thefouowmgmdsma:dwedﬁomthecommddmmforthcmm

2

1. Measurements recorded 3 or more days before the drug (aripiprazole or placebo) start
date;
Meammtsreeorded3ormdayuﬁaﬁwdmg(mipipmolemplawbo)atop
date. The studies were not designed to evaluate efficacy later than 24 hours after the
last dose, and measurements that appeared to be drawn later (most of them much
1ater) were due to the errors in dates or patient identification;

Measurements from patients with missing drug start date;

Measuremeats from aripiprazole petients with no pharmacokinetic sampling or
dosing information;

Measurements of noo-compliant patients recorded on or after their non-compliance
started.

The exclusion of the observations for each of the studies is described in table ST-3.
Additional detzils about excluded records can be found in Appendix IL

The final PK/PD file contributed 2472 scores from 582 aripiprazole patients and 1205
gcores from 306 placebo patients (see table ST-6 for their distribution bstween the
studies).

Several data sets were used in the PK/PD analysis:

1.
2.

mmwwithmlyplmbopauans(pd_p]nm)musedwdﬂdopﬁnplwebo
model;

The data set with dosing, pharmacokinetic and pharmacodynamic information anty
for patients on aripiprazole (pkpd]_sct_mod2.csv) was initially used for PK/PD
model devélopment;

The PK data set pkpd1_act_mod2 _for_pktables.csv. This data set was identical to the
data set pkpd]l_act_mod2.csv except for NONMEM data items EVID and MDV that
were set to be EVID=2 and MDV=] for PANSS score observations. This data set was
used to generate predictions of individual exposures at the time of PANSS
measurements.

The data file with pharmacodynamic and individual exposure informstion for both
placebo and aripiprazole paticnts (pd_both.csv) was used for developing the empirical
model for exposure-effect relationships. To create this data set, first, the predictions
of individual exposures at the times of PANSS score measurements were obtained
from the final pharmacokinetic model using the data set pkpdl_act_mod2

_for_pktables.csv. The individual exposures were added to the PANSS score

measurcments from the pkpd]l_act_mod2.csv data set, and then combined with the
placebo data pd_plac.csv, where all exposure measures were set to 2ero.



Appendix 2. Applicant’s Data Collected and Data Editing, continued

The below is reprodiced from Volume 1.84 p. 28 of the NDA.

322 Patient demographics and data summaries

The distribution of the baseline scores for the placebo patients is plotted in figure SF4.
Figure SF-5 shows the individnal plots of total PANSS score versus duration of dosing
for the placebo patients. The plots of total PANSS scores versus duration of dosing for
peticats in different aripiprazole groups (inctuding placebo patients, where DOSE=0) are
shown in figure SF-6. Figure SF-7 presents the individual plots of total PANSS scores
versus duration of dosing for patients in the 30 mg dose group.

33 DATA FOR PHARMACOKINETIC/SAFETY ANALYSIS

The data from two double-blind studies, Study 31-97-201 and 31-97-202, which were
used for phammacokinetic analysis were also ussd in the pharmacokinetic/safety enalysis.
In addition to patients on aripiprazole, the data fram the placebo patients were also used
in the analysis. Beside the plasma concentration data, the data for the analysis included
QTc¢ intervals. In both studies twelve-lead ECGs were recorded at screening, and st Week
2 and Week 4 of the study. Cardiac QT intervals were cormrected for heart rate using three
spproaches: correction by Bazett’s method (QTCB), comrection by Fredericia’s method
(QTCF) and the method recommended by the FDA Div of Neuropharm (baseline
comrection, QTCn). QTCa measurements were computed as

QTCn=QT/RR*¥,
where QT and RR denoted cardiac QT (msec) and RR (sec) intervals, respectively.

QTCB and QTCF measures were provided to -~ _ py the sponsor; QTCn
mmwwexeeompmed&omQ’l‘CBandQICPasdeambedewﬂonwl

33.1 Data preparation
Baseline corrected QTc (QTCn) values were computed from QTCB and QTCF as follows
(see derivation in Appendix IV):

Q[Cn-QTcpa-“Om‘ m(“m-b‘

In total, there were 651 QTc observations recorded for aripiprezole patients and 516
measurements for 192 placebo patients in the clinical database. Measurements were
recorded on Day 14, Day 28 and st Early Termination.

The concentrations from the data file for NONMEM pharmacokinetic analysis
(pk_mad]_carl.csv) were merged with the QTc data by patient numbez, dats and time,
Three different files were created based on the allowed time difference between the blood
samples and the QTc measurements. Only QTc measurements performed within 2 hours
of blood sampling (two-hour window) were retained in the first dats file (SAS data set
ful_qtn sd2). The second (fulqtn12.sd2) and third (fulqtn48.sd2) data scts contained the
QT'c and concentrations that were apart from cach other by no more than 12 and 48
bours, respectively (12-hour and 48-hour window). Thus, the first data file was a subset
of the second and third, and the secand data file was a subset of the third data file. In

.Q



Appendix 2. Applicant’s Data Collected and Data Editing, continued

The below is reproduced from Volume 1.84 p. 29 of the NDA.

addition, the data files contained the QTc measurements of placebo patients; for them
concentrations were set 10 zero.

After merging the data, there were 251 QTc observations from 184 aripiprazole patieats
in the 2-hour window file, 506 obsarvatians from 313 aripiprazole patients in the 12-hour
window file, and 616 observations from 328 aripiprazole patients in the 48-hour window
data file.

APPEARS THIS WAY
ON ORIGINAL
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ST-2 M&umﬂdmleaﬁmfwﬂnpmpmdmephmMcNmmmmMﬂMMOpkmmtdeln
the text.

Marging

mwmmmmmmmm(mmmmxmmmmmm.
efficacy and concomitaat medicetions information were merged together by study, pstient identifier, date and time. Since all the data sets had
differet structures, merging was study-specific and was done separately for each study.

Exclostons

e 0 & &6 0 0 00

Misaing time of blood draw.

Missing concentration valuos.

Samples from non-compliant patients (defined in Section 3.1.4).

Baseline (pro-first dose) plasma saamples.
mmammem-mmmmsmamumm

All rocords for a patient later than 7 days from start of dosing In 31-97-203.

Dosing records that were chronologically later than the last PK or PD measurement for a patient.

Only baseline (certicst) messurements were retained for all Isbocatory values.

Plasta samples recorded to be drawn st the same time, but with different concentration valaes (listed 33 incousistont conceatrations in table

ST-3).

Blood draw times and dose times recorded as blank, NK:NK, or ND:ND were coded as missing,
Dosctims recordad as =*9 :00” was re-coded as "09:00".
Amount coded as 2 TABS' or 30 M@’ in 31-97-201 was re-coded 23 30,

Hard-codad manipulations ( ons or delstions) for several cases (see ST-4 for of each case). ‘
BodyMaulndu(BMl)meowuﬁaduBm(Kﬁ?F xoooo*wr(kg)ﬁ’(gi

Body Surfece Area (BSA) was computod sccording to [26)
BSA(m") =exp(-3.75140422*log(HT (cm))+0.515%10g(WT (kg)))
Crestinine clearsnce (CRCL, and CSAL) was computad socording to [10] and [11)
For Males
BW (kg) = 50 +0.92* omx(0, HT (cm) -152)
CRCL (mL/min) = (140-AGE)*IBW (kg) /72/CREA (mg/dL
For lFSAI.. (ssl/min) = (137-AGE)*(0.285*WT (k) + lll'aﬂ‘ (m’ywooo))rsm (mg/dL)
IBW =45 +0.92° max(0, HT-152)
CRCL™ 0.85*(140-AGE)* IBW /T2/CREA (mg/dL)

CSAL = (146~ 28T°WT +9.74 11 dL

VAN 39 Jo 79 *d $8'1 sumjo woy paonpoidai st mojaq ayJ.
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e Do group (GRP) was astigned as following®
& according to rendomination for Stadies 31-97-201, Studles 3197-202, and Stadics 31-94-202;

b.  1530mg in 31.93-202;

C. missing () in 31-97-203,
Duration of dosing (DUR) was computed as differenco in days botween the event and the first stady dose for esch petient (including placebo

petieots in PK/PD snalysis)

Impuatation of
missing
valves

e [n Studles 31-97-201, 31-97-202 and 31-97-203 modisn time of the first § doses for a patient was used for afl doses, If missing, modian

population dose timo (over all median times) in the respective study was used.

e In Stodies 31-94-202 and 31-93-202, the anknown dosing time was imputad by backwards from the next known dosing time.
For doscs administered later than the last known dosing thne, propagation forward from the tast known dosing time wils euiployed.

o  Missing height was imputed with the modian valne among all paticats of the sams gender in ths study.

Weight at baseline was vsed as weight covariate, If it was misaing for a patient, then weight st screening was used. If also missing, medisn

of bascline weights over all subjects of tho sams gender In the study was wsed.

A missing laboratory baseline value wes imputed by the medisn of all the msasurements for & subject. If miszing, the valoe was imputed by

the population median of basoline values over all paticuts of same geader in the study.

Missing smoking statas, siochol consumption, basetine crestine kinase, and baseline total PANSS score were codod as ~1.

VAN 341 Jo €9 “d pg°[ sum[oA woxy pasupordar st Mo[aq ay L.
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ST-3  Accounting of records during creation of the data sets for analysis

Study .
31-97-201 | 31-97-202 | 31-97-203 | 31-94-202 | 31-93-202

DEMOGRAPHICS

Paticnts In the original dats set 2047106 [200/103°__ | 515 180/64° 34735°
Excludod pafionts with missing drug start or stop dats 172 n n 0 0
Pxcludoed petients on aripiprazole dosing but no plasma data 15 9 NA" 3 ]
PK - .

All samples in originat data sct 1262° 1778" 3002 NA' NA®
Excluded samples from rot identifiod patients (discrepancy between dosing | 0 50’ 599 0 0
or demogrephic and plasma dats)

[ Original aripiprazole samples &1 664 1501 1255 1751
Excluded samples with missing drawtime 9 37 4 36 [T
Pxcluded samples with inconsistent sripiprazole concentrations ' 6 2 10 0 0
Bxchided semples with no or conflicting drag start date or no doso 0 1 5 0 2,
BExcluded late samples n’ 10} 251° 0 0
Excluded baseline (pre~ first dose) samples 184" 169" 121* 1 0
Bxcluded ssmples from non-compliant patients 10 19 16 2 0

| Missing concentration values 9 11 ‘14 79 9
Missed or partly missed doses * 25 44 NA NA NA
Tota) concentrations in the PK NONMEM file 391 415 469 1137 151°
'l'ohl aripiprazole patients tn PK NONMEM file 171 173 148 170 30
OrlgimlPANSSmu(txhdingplwwopdunmlndmgmh& 1295 1236 NAY 1007 274
not missing dets, not miasing PANSS score)

Bxcluded early scores (>= 3 days before drug start) 1 | NA* 4 1
Excluded soores with no drug start date, pk or dosing @mformation 0 1 NA® 1 3
Excluded late acores in aripiprazolo patients (> 3 days sfier drug stop) 1 2 NA* 0 0
Soores of placebo patients an 398 . NA® 243 132
Bxcloded late scores of 3 days after drug stop) 1 ] NA' 0 0

.0
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Study .
31-97-201 |} 31-97-202 | 31-97-203 | 31-94-202 | 31-93-202

Excluded observations from aon-compliant patients 1 [ NA* 0 0
Total scores of artpiprazole patients In PKPD file" 803 790 NA' 744 133
‘Total scores of placebo patients in PKPD fils 427 398 NA* U8 132
Aripipraxole patients with scores in PKPD file® 188
Placebo pstients with scores in PKPD file 104 103 NA" 64 3s

Aripiprazole/placebo petients in demog sd2 data set.

Aripiprazole patients in dose0.sd2 data set.

Not sssessod,

Samples from aripiprazole patients

APOPPrRrPRNpPRPEP

Smphaﬁ-mpﬂeunonuwmle,pheebondw&m

Samples from 16 paticats not presaat in demographic data set.

Not including ssmples drawn of randomization.

No mstched times assoctated with samples.

Two different concentrations results reported for a sample.

Tiree days or lster afier divg stop.
mmmmm1mmmmmxmmaaysmumm
Among them, 18 samples with coaccatration > 0, but tine eslier than drug start.

Among them, 1 sumple with concontration > 0, but drawn carlicr than drug start. )
Among them, 63 szmplos with concentration > 0, but drawn earlier than drug start.

Dose missed entirely or balf of ths dose administered, no samples excluded (see Section 3.14).
One ocnoentration for pationt 0090060 counted twice.

Including patients with PANSS soore messarements, but no PK measurements.

VAN 241 Jo 69 'd $8°| sumjoA woy paonpoidal sT mojaq Yy,

panupuod ‘3unipy vie pue pajadfo) ereq sjuedddy °z xipuaddy



Appendix 2. Applicant’s Data Collected and Data Editing, continued

The below is reproduced from Volume 1.84 p. 66 of the NDA.

ST-4 Handling of special cases.

Study Patient | Description Action
31-97-201 | 0310010 | All measurements of weight are Impuie weight with the modisn of two
missing excopt Day 14 and Day 28 aviilable measurements
31-97-203 | 0360008 | Missing dose amount on 14DEC97 Delete concentrations after that date
0360012 | One dose was recorded in the dsta set | Delets
smedD, but amount was missing.
Drug start and stop were on the same
date, no concentrations were found. RS TT
0410011' Height missing wfwm S
Imputed with height 3l
0600005 | Height missing fmputs
0250004 | Imconsistent date of start Delete all data (1 concentration vabue)
0570001 | Inconsistent date of start Delete all data (2 concentration vakes)
31.93-202 | 0010278 | Basalins BQL vakec Exclude . —
3-202 | 0020035 | Dosedate is missing in smed0, but lmpmuﬂuingdamhuwuhme
8 amount and visit number {s present of the respoctive visit (visit=22)

APPEARS THIS WAY
ON ORIGINAL
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Appendix 2. Applicant’s Data Collected and Data Editing,~ continued

The below is reproduced from Volume 1.84 p. 67 of the NDA.

ST-5 Nonmem data file modifications

STUD' | ID Description Action
{ptoode) .
From pk.csv to 10 109 Last 2 concentrarions drawn 70 snd 77 | Bxclude 2
pk_mod].csv (70140) | bours after the dose were S times concentrations on
higher thay all cther concentrations, 3/30/95: &t 720
‘The preceding concentration, the ad 14:10
highest exoept for thess 2
measurements, was drawn 4 hows afier
the dose an 15® day of dosing (Le., st
or close to steady stase). Two more
doses were sdministered after that
cancoatration, and 3 dxys Ister the last
2 high valves recorded.
3 269 Thero was a discrepancy in the original | Bxcluds
(230010) | dosing file: start of dosing was concentration
rocorded as 10/21/97, bat the first dose | point on 1072097
was adnministered on 10/28/97, So, for
the concentration record an 10/28/97, it
is unclear when the bast doso was
sdministered. -
From pk_modl.csv | 6 3718 Patients with the highest 3 weights Excinde all their
to (340004) 1 (179, 193, and 202 kg, respectively concantrations
pk_modl_subwtcsv | 78 569 ' 2,4, md3
(710010) points,
68 n respectively)
From pk_modl.cav | 11 165 In the data set ple.csv 2 concentration Changs
to {110103) | times an 4/10/9%5 were TIME=11:15 and
pk_mod]_corl.csv erroneously (incorrectly merped). the first row for
TIME=16:00 to
10:30 and 11:15,
respactively,

& Stody numbers were coded ax: 6 ~31-97-201, 7 - 31-97-202, 8 - 31-97-203, 10 - 31-94-202, 11 ~ 31~

93-202.

ST-6 _ Distribution of patients with PANSS scare measurements among the studies.

Study

. 31.97-201 31.97-202 | 31-94-202 | 31.93.202
Number of PANSS score 803 790 744 135
messureqents of aripiprazals
_patients
Number of eripiprazole patients 188 191 172 31
Number of PANSS score 427 1] 248 132
messurements of placebo petients
Number of placebo patients 104 103 64 3s

13
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The below is reproduced from Volume 1.84 p. 68 of the NDA.

Appendix 2. Applicant’s Data Collected and Data Editing, continued

ST-7 Summary of patient demographics for continuous covaristes (PK analysis)

Covainie® Mean | 8D Mcdian | Percentiles Min | Max | NONMEM
0% 5% daata item
| Age (yean) 387 19.80 390 253 | 520 180 | 68.0 | AGE
We > 84 (190 | 81.0 6.0 110 430 | 153 | wIB
Lean body weight® {381 | 985 | 577 452 | 109 206 | 847 |LBW
aoey;s)am Index® |282 {678 | 269 208 |372 153 [612 [BMT
Bo%y Surface Area® | 200 | 0249 | 199 170 | 233 137 (| 2.83 [BSA
(m'
Estimated crestinine | 894 | 223 | 873 G4 116 39.) |216 |CmCL
cleamnce’ (mL/min)
Estunated qesticne | 108 | 263  ( 106 769 | 139 SS8 | 244 |[CSAL
clearance’ (m1 £uin)
Creatinc kinsse® 149 | 208 101 490 | 276 180 | 3960 | CPK
Total proteln (L) _| 739|056 | 730 670 1 810 |570 | 970 | PROT -
Total biliruoim G407 [0316 | 0600 [040 | 09500 [000 | 200 |BIL .
i
“Abline - ix |26 |30 83 [107 350 | 186 | ALK
Phosphatase
{zmU/mL) -
Asportate 207 | 124 [170 120 [310 3500 |124 |8GOT
sminotrapsfermse
Alanine DS |29 |210 100 | 500 200 |217 |{SGPT
sminotransfersss
L)
Baseline total 943 178 (930 730 | 118 oD |16 (tpd
PANSS score’

s Unless noted othorwise, ranmary is based an 694 patients with son-mnissing values from the data st

pk_mod1. cav

b Without 3 patisnts with the bighest weight of 170, 193, and 203 kg
o. Estimated according 0 Cockroft - Geult egustion [10)
d. Estimated according to Salazar - Crnumcq:mm]
o
£

Based on 664 patients with

Bndussopdmwumdmm

APPEARS THIS WAY

ON ORIGINAL
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Appendix 2. Applfcant’s Data Collected and Data Editing, continued

The below is reproduced from Volume 1.84 p. 69 of the NDA.

ST-8 Summary of patient demogrephics for categorical covariates (PK analysis)

Covariate Count Percent NONMEM
(%) data item
Gender (M/F) 303/19) 72/28 SEX
Race 396/217/53/15/13 | 8717318212 RACE
Caucasian/Black/Hispanic/Asian/Other)
Smoking_(Nonca/Mixsing) 123/371/200 18/53/29 SMOK
Alcobol consumption (NoVYes/Missing) | 150/343/201 :.g.mm ALCO
APPEARS THIS WAY
ON ORIGINAL
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Appendix 2. Applicant’s Data Collected and Data Editing, continued

The below is reproduced from Volume 1.84 p. 70 of the NDA.

ST-9  Number of patients with at least one plasima sample effected by  concomitent

medication

Peatients NONMEM data
item

265 ORA

7] GRB

133 ORC =

© GRD

20 GRB

T2 GRG

14 CAl

12 - CB1

19 cB2

125 oCl1

0 ")

3 v

21 cD1

1s 2

539 CF1

14 CGlL

50 o@
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